Background: Dysregulation of serotonin system is hypothesized to play the main role in the etiology of obsessive-compulsive disorder (OCD). Transcranial sonography (TCS) is a helpful noninvasive and low-cost tool for the assessment of subcortical brain architectures, mainly basal nuclei, cerebellar central structures, and midbrain. In this study, an ultrasound assessment was performed for a sample of the patients with OCD and healthy control group to evaluate echogenicity of midbrain raphe nuclei (RN).
Introduction
Obsessive-compulsive disorder (OCD) is a prevalent psychiatric disorder marked by obsessions (recurring and relentless thoughts) and compulsions (physical or mental actions to decrease anxiety induced by obsessions) (1) . This condition affects 1%-3% of the general population worldwide (2-4); however, in an Iranian survey, its prevalence was reported to be 5.1% (5) . OCD is also a disabling psychiatric disease (6) , with remission rate of 10% after standard pharmacological treatment (7) .
Two main theories are at the center of attention for the neurobiological basis of OCD.
According to one theory, the cortico-striatal-thalamiccortical loop plays a considerable role in the pathogenesis of OCD. Activation or inhibition of parts of this loop can mediate compulsive and impulsive features of OCD (8) .
Another theory is based on neurotransmitters and multiple neurotransmitters, including serotonin, dopamine, glutamate, and GABA, which are mentioned as the main players in causing OCD (8) .
Serotonin is one of the main monoamine neurotransmitters in the human body and has an important role in several systems, such as gastrointestinal (GI), hematologic, and neuropsychiatric systems. In addition, its dysregulation in central nervous system (CNS) has been considered as plausible and important etiology in psychiatric conditions, particularly depression and OCD. The main cell bodies, which secret this neurotransmitter, are located in raphe nuclei (9) . Decreased level of serotonin has been mentioned as the main etiology of OCD. However, recent studies suggest that its role in OCD is more complicated and some serotonin antagonists, such as second generation antipsychotics (10) and ondansetron (11) , have been shown as effective choices for adjunctive therapy of OCD.
Recently, inflammatory processes are also proposed as other pathologic mechanisms (3, 4, 12) . Neuroimaging studies have shown increased gray matter in lentiform nuclei and reduced gray matter in bilateral dorsal medial frontal and anterior part of cingulate gyri in these patients (13) . A recent study showed reduced raphe nuclei (RN) echogenicity in OCD patients compared to healthy controls on transcranial sonography (TCS) (8) .
Transcranial sonography (TCS) is a helpful noninvasive and low-cost tool for the assessment of subcortical brain architectures, mainly basal nuclei, cerebellar central structures, and midbrain. Also, it is a reliable and sensitive diagnostic method in movement disorders, particularly substantia nigra hyperechogenicity, which is a very distinctive finding in Parkinson's disease (14) (15) (16) . Moreover, serotonergic brainstem RN changes have been reported in major depression and depressed patients with Parkinson's and Huntington's disease (17) (18) (19) (20) .
In the present study, a thorough sonographic assessment was done for OCD patients. The purpose of this study was to evaluate midbrain RN echogenicity in OCD patients and compare it to healthy controls.
Methods

Participants
A total of 35 OCD patients selected from the psychiatric outpatient clinic of Haszrat Rasool hospital participated in this study from January 2016 to December 2016. The sample size was calculated according to previous similar studies (8) . Diagnosis of OCD was based on the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV TR). Exclusion criteria were other psychiatric disturbances or recent contemporary neurological or other medical diseases, but concurrent major depression and anxiety were not regarded as exclusion criteria.
Most patients were receiving different types of medications, including antidepressants and/or an adjunct new generation or atypical antipsychotic agents. None of the patients received cognitive behavioral therapy during the study period. A total of 35 healthy persons, selected from medical students and hospital staff, were age and sex matched with the case group. After providing full explanation about the study, all participants were given informed consents to sign before their participation. This study was conducted in accordance with the 1975 Declaration of Helsinki. All OCD patients and healthy people underwent TCS by an experienced neurologist.
Clinical assessment
To quantify the existence of OCD subsymptoms, the Yale-Brown Obsessive-Compulsive Symptom Checklist was used.
Brain parenchyma sonography
Each participant underwent sonographic evaluation as well as psychiatric assessments on the same day. TCS was done by an experienced neurologist through the temporal bone window using a phased-array ultrasound system (the Osnos 5500 ultrasound system, Sonsite), with a 2.5 MHz probe (S3 probe) and penetration depth of 14-16 cm. The examiner was blinded to the participants. The echogenicity of the RN was assessed using a semi-quantitative visual scale, normal echogenicity with continuous echogenic midline structures, and hypoechogenicity with absent or dotted midline structures (Fig. 1) .
Statistical analysis
To analyze the data, SPSS version 18 (PASW) was used. Mean ± standard deviation (SD) and frequency percentages were representative of quantitative and qualitative variables, respectively. Chi-square test was performed to compare the frequency of decreased echogenicity among the 2 groups. A p-value of less than 0.05 was considered significant.
Results
A total of 35 OCD patients and 35 healthy controls entered the study; of them, 27(39%) were male and 43 (61%) were female (p= 0.806). The mean age in OCD patients and healthy controls was 36 (SD= 12.6) and 32 (SD= 8.2) years (p= 0.141, age range from 18 to 65 yrs.), respectively. In the OCD group, 15 patients showed decreased echogenicity of brainstem RN (42.9%), whereas 11 persons showed decreased echogenicity in the control group (31.4%) (p= 0.322) ( Table 1) .
Another comparison was made in OCD group between patients with and without depression as comorbidity. Also, it was found that 15 out of 35 (42.9%) OCD patients had depression and 7(46.7%) of them had decreased midbrain RN echogenicity. In OCD patients without depression, 8 patients out of 20 had hypoechoic midbrain RN (40%).
Comparison of the frequency of decreased echogenicity in OCD patients with and without depression revealed no significant differences (p= 0.693) ( Table 1) .
Moreover, 22 OCD patients were receiving medications, mostly SSRIs. There was no prominent difference in raphe echogenicity between these 2 groups (45.5% of the patients with and 38.5% of those without treatment had decreased echogenicity of raphe nuclei, p= 0.686) ( Table 1) .
Discussion
In this study, the brainstem RN echogenicity of OCD patients was not significantly lower than the control population. Also, no significant difference was detected in RN echogenicity between OCD patients receiving or not receiving medications and OCD patients with and without depression as comorbidity.
Mavrogiorgou et al. showed hypoechogenicity of brainstem RN in OCD patients, although it was statistically non-significant in comparison to control group. This may be due to altered serotonergic neurons and caudate nuclei hyperechogenicity, reflecting structural or molecular cell alterations (8) .
In contrast to this study, they did not compare OCD patients with and without depression and those who received medications with the ones without medications.
Brainstem RN hypoechogenicity is a common and prominent finding in patients suffering from unipolar depression and depressed Parkinsonian and Huntington's patients (14, (18) (19) (20) 21) , but this finding has not been reported in multiple sclerosis patients with depression (22) .
These findings support the hypothesis that depression in movement disorders is due to involvement of basal limbic system, but in multiple sclerosis it is caused by disorder of basal limbic projections (23) . This can be extended to our results as well. Since midbrain RN echogenicity was not significantly different in OCD patients, the main problem in OCD serotoninergic system may remain in RN projections.
Similar to this finding is signal changes on brain MRI, which have been reported in previous studies, advocating this hypoechogenicity as a structural disruption of mesencephalic raphe structures (24) . Tissue echogenicity correlates with tissue impedance, and hypoechogenicity demonstrates tissue microarchitecture changes, which may be explained by alteration of tissue cell density, the composition of interstitial matrix, or transformation of fiber tract integrity (24) .
Serotonin deficit has been mentioned in pathophysiology of OCD. Dysfunction of serotonergic system has been suggested based on the effectiveness of SSRIs in the treatment of these patients. In-vivo imaging studies with PET found diminution of cortical 5-HT2A availability in drug-naïve OCD patients compared to controls applying [11C] MDL 100907, a selective 5-HTA2 radio ligand, supporting a relationship between serotonin (5-HT2A) receptors and OCD (25) . In contrast to this study, another study (26) did not show a convincing difference in cortical 5-HT2A availability of OCD patients not on medication compared to healthy controls using the same ligand. Interestingly, they found a powerful correlation between orbitofrontal cortex [11C], MDL 100907 binding, and age at disease onset; earlier disease onset was associated with higher binding (27) . They did not find differences in cortical HTA2 binding between OCD patients and control group, instead, they found increased 5-HTA2 binding in the nucleus caudalis of OCD patients. Considering the availability of the serotonin transporter, the results are not 4 always convincing. Presently, the majority of the in-vivo imaging studies disclose a notable reduction in serotonin transporter (SERT) binding of OCD patients in the midbrain (28) .
To increase the accuracy of this study, TCS of all patients was done by one experienced neurologist. The examiner was blinded to the patients' diagnoses, and he did not have any conversation with cases.
As limitations of this study, we should mention the small sample size for comparing raphe echogenicity regarding the duration of the disease, age of onset, and disease severity. Another major limitation was patients' selection, which was done qualitatively rather than quantitatively.
We recommend these points to be considered in future studies with larger sample sizes. Furthermore, the accuracy of the findings depend on the quality of the ultrasound system as well as investigator's qualification (29) .
Conclusion
Serotoninergic system plays an important role in the etiology of OCD. TCS is an easy and non-invasive procedure for the assessment of basal ganglia and brainstem raphe nuclei. As the main source of brain serotonin, midbrain RN was assessed with TCS in OCD patients. In contrast to patients with unipolar depression, our OCD patients did not show meaningful decrement in midbrain RN echogenicity. This can be explained by involvement of RN projections in OCD patients rather than involvement of RN serotoninergic neurons, which is in contrast to patients with unipolar depression.
